/ 29 p.

/ .

~ ; N65 16491 |
PErd - f 77 /7
VT T o —— )

(.—

| §. W #
UNPURLISHED FRELIVINERY DATA @f

The Positron-Electron Ratio of Prec1p1tat1ng Electrons
_ / Laurence E. Peterson [6«»4% U_) [1103] f
|

505‘«3 6/

N 4 c A p‘_..;zf.rdg

7 oan

Mo 63878
(Whsn Fn -t GPO PRICE §

ey
A W= OTS PRICE(S) $

Hard copy (HC) Q/ /D

Microfiche (MF) év

*
Presently at the University of California at San Diego, La Jolla,

California where this work was completed.

4
m 5
~ R 2
M. R.m L



Abstract

Voo
A Dballoon observation of the x-ray spectrum from 37 to 490 Kev

over Minneapolis during the July 1961 solar event series has allowed

an upper limit to be placed on the ratio’of positrons to electrons

during a precipitation, as well as on other geophysical processes.

The electrons caused the x-ray bursts; no large fluxes above cosmic—

ray produced background were obseirved above about é;goKev. The excess
flux at 0.5 Mev, which would be caused by positrons annihilating was
0.051 % 0.043 photons/cm2-sec over a 68 minute interval at 2100 UT

(1500 local) on July 13. No solar protons of energies greater than

air cutoff (80 Mev) were observed during the flight. A limit of

33 + 26 protons/cmg-sec in the 1-15 Mev range can be obtained from the
0.5 Mev flux, which would be procuded via nuclear reactions. During the
same interval, INJUN I observed a flux of 2 X lO3 protons/cmg—sec of

1-15 Mev solar protons at 1000 km only a few geomagnetic degrees further
north.k The differential electron spectrum producing the x-rays was Fitted
to a power law in energy with an exponent of 5.4. The average rate of
electron precipitation was 6.4 X 107 electrons/cmg—sec > 37 Kev, or

2.6 X lOlO/cm2 over the 68 minute interval. This would deplete the outer
zone of electrons in a few minutes, implying a steady and.effiqienb
acceleration mechanism. The limit on the ratio of precipitating positrons
to electrons is (4 + 3) X 1010, which is also probably typical for
electrons in the eartg!s magnetospherg, aﬁd may even apply to the
interplanetary medium and the solar corona. The ratio‘sﬁould be

compared with the upper limit of 2.5 X 10-9 for thermal electrons in

our galaxy, obtained from the limit of the flux at 0.5 Mev in space. (\
\J




Introduction

This paper describes the result of an experiment in which the
Y-ray spectrum to about TOO kev was observed at balloon altitudes
over Minneapolis during an x-ray event. The evenp, associated with
the July 1961 series of solar-terrestrial disturbances, has been
interpreted as an electron precipitation. The resulting x-ray spectrum
at low energies allows one to determine the spectrum and number of
stopping electrons. A limit on the number of stopping positrons
was determined by observing the Y-ray line at 0.5 Mev. The positron-~
electron ratio can thus be determined in this manner. The observation
allows a much lower limit to be placed in this ratio than was
previously available.

Apparently, little attention has been previously given to the
possible existence of paturally occurring positrons in theearth's
magnetosphere, although considerable effort has been devoted to studying
the number and spectra of electrons trapped in and precipitating from
these regions. Indeed, in many analyses, 1t has been tacitly assumed
vthat the positron flux can be neglected. The x-ray flux, for example,
generated by bremsstralhlung from 100 kev electrons stopping in the
atmosphere or in an aluminum satellite body is produced with an
efficiency on the order of 10_3 to lO-h. A stopping positron,
however, produced annihilation Y-rays with an efficiency of two. The
fact that one can obtain reasonable auroral eiectron fluxes by observing

x-rays from balloons [Winckler, et.al., 1962], and can obtain



information on the outer zone electrons via their radiation

[Arnoldy, et.al., 1962],implies an upper limit on the positron-electron
ratio of about lO-u.‘ Direct measurement of the positrons in the
trapped radiation has only recently been attempted [T. L. Cline,

private communication].

The Experiment

‘The schematic of the measurement is indicated in Figure 1.
Electrons, having energies up to a few hundred kev, will stop mainly
by collisions in the first few tenth gm/cm2 of atmosphere. A weak
x-ray flux will be generated and will penetrate to balloon depth.

A positron will behave similarly until it stops, then it will annihilate.
The resulting Y-rays also are counted on the balloon detector, and

their spectral and time variations observed. Since the fundamental
electromagnetic processes are well understood the electron and positron
flux can be calculated.

The balloon apparatus, whicﬁ has been described previously
[Peterson and Nitardy, 1962 Jeconsists of a phoswich type scintillator
counter. The inner NaI(Tl) crystal is 3/4" long and 1" diameter.

Thg outer plastic shield crystal has about a 0.5 cm wall. The
differential pulse-height spectrum is obtained with a 37 kev window
whose bias is scanned in 16 nearly linear steps from 37 kev to 670
kev. About four minutes are required for a complete scan. Scaled
down counting rates from the window are teiemetered. in addition,

a Geiger counter [Masley, et.al.,1962] is used to monitor the charged

particle rate, and compare them with other flights in the series.



The balloon flight (Minnesota M-255 of the July 1961 series)
was launched at 1900 UT on 13 July and provided data from about
6 gm/cm2 until after 0500 UT on 14 July. The rate and altitude
history of the flight is shown in Fig. 2. The x~ray influx was in
progress as the balloon reached ceiling at.éiOO and decayed thereafter.
Higher energy channels of the scintillator were not significantly
above cosmic-ray produced background at ahy time during the flight,
while the rates at low energles varied in order of magnitude. The
excess photon spectrum is therefore very steep compared to the
background. The G-M counter rates agreed very well with those
expected from galactic cosmic rays and with other flights in the
series. Its variations are duve to the small depth changes of the

balloon.

§olar-Terrestial R=2lutions

The July 1961 series has been described in some detail by
other workers [Hofmann and Winckler, 19€3; Pieper, et. al., 1962]
who have correlated balloon and satellite observations of electrons
and protons with solar, radio, and geomagnetic effects. Class IIT
flares at 1620 UT 11 July and 1000 UT July 12 initiated the events
which occurred during this balloon flight. Both these flares produced
solar cosmic-rays. The first flare most likely caused the sudden
commencement (S.C.) magnetic storm and simultaneous Forbush decrease
which started at 1112 UT on July 13. The second flare probably
caused the magnetic storm of 0812 July 1lk. Later flares produced

terrestial disturbances which extended nearly to the end of July.



Solar cosmic rays from the July 11 flare were first detected
over Kiruna, Sweden at about 1930 July 11 [Hofmann and Winckler, 1962 ]
and over Fort Churchill, Canada, at 2037. The flux of protons greater
than 80-Mev went through a maximum before 0000 UT July 13, and was
decreasing at the time of the sudden commencement. During this period
no effects were observed over Minneapolis since the normal geomagnetic
cut-off of L400-Mev was operating and the solar proton spectrum
apparently did not extend to this energy. Protons in the 1-15 Mev
range were observed starting from 1713 UT July 12, and were also
detected by their absorption of cosmic noise over College, Alaska.

The absorption reache@ a maximum at the time of sudden commencement.
Thnese low energy protons also produced a weak flux of nuclear
Y-rays which was detected over Fort Churchill by the Minnesota
group [Hofmann and Winckler, 1962].

The sudden commencement occurred at 1112 UT 13 July, the
equatorial field was observed to reverse about 1550, hence flight M-255
occurred well into the main phase of the storm, and during a period
of considerable magnetic activity. The horizontal field component
at Fredrickgburg is reproduced in Fig. 2. During this period
the INJUN ;atellitehobserved‘large fluxes of 1-15 Mev protons at
1000 km at equivalent latitudes nearly as far south as Minneapolis.
These fluxés reached a maximum early in the main phase of the storm
and were slowly decreasing at the time of the flight [Pieper, et. al., 1962].
At no time during the flight M-254, which preceded M-255, and flight
M-256, which overlapped and followed it, was any excess radiation

observed with ion chambers and G.M. counters over Minneapolis.



indeed these Tlights followed the Forbush decrease. The series of
observations by the Minnesota group at Minneapolis and Fort Churchill
is shown in Figure 3.. The relatively weak x-ray flux seen by the
scintillator on flight M-255 could not have been detected with the
cosmic-ray instrumentation.

Balloon flights at Fort Churchill also indicated the
decrease of the solar protons after the sudden commencement as measured
by thelr secondary nuclear Y-rays, and in addition recorded large
and sporadic x~ray influxes at the time of the sudden commencement
and in the very disturbed times following it. Unfortunately, there is
no simultaneous flight at Fort Churchill coincideﬁt with the initial
burst on M-255. The many fluctuations observed on a Churchill flight
after 2300 UT do not correlate in detail with the variations observed
during the Minneapolis flight. The evidence is that electron precipi-
tations may be of a rather local nature [Winckler, et. al., 1962].

The possibility of x-rays direct from the sun, rather than
being locally produced, do not seem likely even though the first
influx occurred at 1500 local time. There were no outstanding coinci-
dent visibli/or radio solar events [A. Maxwell, private communication;
G. Moreton,/private communication], further solar x-ray events
have thus far been obéerved with a time scale of minutes rather than /
hours. Siﬁultaneous Observations at two latitudes can indicate
a solar origin, however, there was no Churchill flight during the
first influx, and the one during the second burst was swamped by a

much higher and more erratic flux or auroral x-rays. Solar protons

having energy less than the air cutoff (80 Mev) above the balloon,



but higher than the geomagnetic cutoff existing at the time can
produce nuclear Y-rays. The steep photon spectrum however, is
clearly inconsistent with these Y-rays, which would have energies up
to about 8 Mev. The riometer at Minneapolis was inoperative at the
time of the first influx, however no detectable absorption was noted
earlier in the day, or later on during the flight.

We then continue under the idea that the steep excess photon
flux must be due in major part to radiation from precipitating electrons
having energies up to several hundred kev. The electrons most likely
have their origin in the magnetosphere and may be either accelerated
locally or dumped from the trapped radiation zones by the disturbed
field [Winckler, et. al., 1962]. No outstanding magnetic event
correlates precisely with the dumping. Periodicities in the rates,
and other fine structures, sometimes observed, apparently were not
present during this event. The general precipitation appears to Dbe
an intense version of certaln x-ray events observed in the auroral
zone [ Anderson, 1960]even when the world-wide magnetic field was

relatively undisturbed.

The Photon Spectrum

In order to facilitate analyses, the flight at altitude has
been broken into a number of periods as indicated in Table I, and the
rates have been averaged over these intervals. The last two hours
of the flight are taken to be quiet time, and representative of the
cosmic-ray produced background. Typical counting rate spectra are shown

in Pigure 4 for the quiet time period, and for the first influx.



Quiet time rates are compared with those obtained on a previous
flight with the same detector in Figure 4. The statistical significance
of the data in the higher energy channels has been improved by using
rates for the entire flight. This procedure is valid since no gross
variations were observed above about 380 kev, and results in
sufficient resolution to indicate the presence of the 0.5 Mev Y-ray
line produced by cosmic rays [Peterson, 1962]. The very near agreement
of the spectra in Figure L4 shows the quietifime fluxes to be truly
cosmic-ray produced background, and confirms‘the validity of subtracting
these rates from those obtained during influxes to obtain the excess.

At higher energies, it was not always possible to do a
channel-by-channel reduction because the scanning rate and counting
rate were of the same order, resulting in an occasional ambiguity
in the channel number for a given group of counts. The instrument
was designed for high counting rates. Therefore, in order to obtain
a better measure of ﬁae rates during a given period, all the counts
in channels 10-16 have been combined together for the various periods.
These channels cover roughly 40O to 670 kev, and include the line
at 0.5 Mev. Even then, the excess rates obtained over all these
channels during the most outstanding influx is so small as to be
barely statistically significant. Obviously, there were very few
photons near 0.5 Mev.

The excess counting rate is shown in Figure 5, for the
first influx. The errors are the resultant standard deviation due
to counting statistics. The shape of the excess spectrum averaged

over different bursts was similar; the absclute wvalues differed,
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and the significance of the excess was less at higher energies because
of the lower differential counting rates. .The excess photon spectrum
derived from the first influx will be used in further analysis.

Under the assumption that all thé excess x-rays are produced
externally or near zero depth, the differential spectrum at the top
of the atmosphere may be found quite simply. The counting rate in a
detector of omnidirecticnal geometry factor GO at a depth h due to a
differential photon spectrunm N(E)dE produced isotropically at the

top of the atmosphere is:

[P

One-half of the photons are assumed lost upward, AE is the channel

width, C(h,E) is a factor which takes into account the absorption in
the atmosphere and in the G-M counter, which was located immediately
above the scintillator. The factor C(h,E), which involves the Gold

integral, is derived in the appendix and listed

Hy

or the median energy
of each channel in Table IT. Efficiencies, T(E), are taken from the
work of Reynolds, et.al. [1957].

In Table II are also listed the uncorrected excess rates, the
other pafameters involved in the correction and the resultant photon
spectrum at zero depth. The errors are due to the counting statistics.
Systematic errors, due to uncertainties in the calibration, effective
geometry factor, and neglect of multiple Compton scattering are
probably small and have been neglected. The very steep differential
photon spectrum at the top of the atmosphere is shown plotted in

Figure 6.
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Most likely, all the excess counting rates in channels 10-16 ,
if indeed there were any, are due to the high energy tail of the
photon spectrum.. If however we assume that all these counts were due
to photons at 0.5 Mev, we may place a limit on the excess flux due
to this line. At 0.5 Mev, F(E) = 0.322, and the upper limit becomes
0.053 £ .0L1 photons/cmg-seé. The limit on the number of excess
positrons annihileting locally is one-half of this number, which is
a rather weak flux.

Indeed, one may also use the small counting excess in channels
near 0.5 Mev to put an upper limit on the number of incident solar
protons in the 1-15 Mev range stopping over Minneapolis. From the
work of Hofmann and Winckler [1963], 0.5 Mev Y-rays are produced
by p,n) and p,pn) interactions on Nlu and 016. These reactions result
in new nuclei, which~in addition to producing nuclear Y-rays from
thelr excited states, are positron emitters in the ground state.

Upon stopping, the positrons annihilate. Hofmann and Winckler quote
about 4.5 £ 1.5 X 10—3 Y-rays per stopping proton in the 1.5 to 17 Mev
range. Of these about 1/3 are due to positrons. Hence the number

of Y-rays at 0.5 Mev per stopping solar proton will be about

1.5 £ 0.5 X 1073,

If we assume all the excess counting rate in'the channels
near 0.5 Mev, 0.017 % 0.01k counts/sec, is due to annihilation
Y~-rays from low energy proton interactions, we may obtain an extreme
upper limit on their numbers. The meximum possible proton flux is
33 + 27 protons/cmg-sec. According to Pieper et.al., [1962], at only

a few degrees of geomagnetic latitude further, and a different longitude,
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the flux at this time was 2 X 103/cm2-sec. The magnetic cut-off
therefore must have been extremely sharp. We will henceforth

assume effects due to solar protons can be neglected.

Electron Spectrum and Positron Ratio

The differential photon spectrum ¢(E,€O) produced by

an electron of initial energy eo upon stopping is given by

Nz
B __o rR(e) o(Be)de
q)(-h‘J GO) - A \J" o de 7dX
0

where o(B,€) is the cross section for an electron of energy € to

radiate & photon of energy E within a range dE in a layer dX thick,

de
X

R(eo) is the range of the electron. The function @(E,eo)dE has been

is the total rate of energy loss (radiation and collision) and

discussed by Anderson (1960) and by Kasper (1957) under suitable
approximations. The curves of Kasper are reproduced in Figure 7. Note
that ¥ vanishes as E approaches €O because an electron cannot radiate
a photon with more than its initial energy.

In order to unfold simply the incident electron spectrum
from the photon spectrum produced at the top of the atmosphere, the
form of the electron spectrum has been assuﬁed to be a ﬁower law;

Y

N(eo)deo = Ke_ae_,

o)
K and Y then become adjustable parameters. The differential photon

spectrum produced by these electrons is then

N(E)AE = Lw @l ,E)N(e_)ae_m.

The coefficient K is calculated such that the residuals of a least
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square Tit to the data are minimized, using Y as a parameter. It
was thought that the best fit for Y would be obtained when the
residuals, plotted as a function of Y, were also at minimum. The
results of carrying out thils procedure as shown in Figure 8 gave a
sharp minimum at Y = 5.4. However, as can be seen in Figure 6, the
resultant photon spectrum does not fit the data too well at higher
energy. Clearly, the power law does not rgpresenf the actual electron
spectrum too well, and because of the steepness of the photon
spectrum all the "fitting" is done to the data points at lowest
energy. Intuitively, a better fit was obtained using Y= 4.8, as can
be seen in Figure 5; at Y = 4.0, the number -of low energy electrons
is obviously too high. The power law differential electron spectrum
with an exponent of 5.4, then fits the data very well below about
200 kev;.at higher énergies the spectrum must not be as steep.
Because of the divergence at low energies, the spectrum
rust eventually flatten out, and in order to compute the number of
stopping electrons, an assumption must be made. The total number
of electrons greater than 37 kev, NT,obtained by integrating
the power law, is also shown plotted in Figure 8 as = function of V.
This cut-off was chosen because no information is available on
electrons of less energy. Fortunately, the most important physical
quantity for the positron-electron ratio, NT’ varies only slowly
with the power law exponent VY. Fitting with the extreme values of
the data was done to give an estimate of the effect of statistical
errors; although N and Vv varied somewhat, I only changed about 10%.

T

Cutting off the electron spectrum at LOO and 600 kev had little effect
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on NT since there are so few high energy electrons. Using an expon-
ential spectrum, as was done by Anderson, which also seems to be a
better empirical relation for solar protons, was not tried for this
electron precipitation.

The steep spectrum of Precipitating electrons is in good
agreement with that obtained previously by Anderson [1960] for events
in the auroral zone. He obtained as exponents 5.0 to 5.5 for events
in 1959 over College, Alaska and Fort Churchill. There is no
& priori reason to expect electron precipitations under widely
different conditions, locations, times and morphology to be identical;
the fact that they are similar indicates the processes are related
and probably differ only in detail.

The positron-electron ratio may now be obtained, by assuming
as was done previously, that all the excess counts in channels 10-16
were due to positrons annihilating, and that these positrons were
part of the general precipitation. The positron flux, averaged
over the first influx is 0.026 + .020 cm_eséc-l. The number of
electrons > 37 kev is found from the best-fit electron spectra to
ve 6.4 x 107 em Z-sec™t averaged over the same time interval. Hence
the ratio is (4 £3) X lO-lO, nearly five orders less than previously
inferred. Most likely all the excess counts above 380 kev were due
to photons produced by the high energy tail of the electron distribu-
tion. Furthermore, positrons of energy less than 37 kev, while not

producing detectable x-rays, would still annihilate upon stopping.
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Because of the steepness of the spectrum, there are probably many

more undetected electrons stopping, than detected ones.

10

Hence the ratio obtained from the measurements, (4 = 3)X 10—,

must be regarded as an upper limit obtained under the most extreme
assumptions, and is probably zero within experimental uncertainty.

The actual positron~electron ratio may be several orders of magnitude less.

Discussion
. ‘ T -2 -1
The large flux of electrons, 6.4 X 10' cm “-sec —, averaged
over the 68 minute interval represents a loss from the trapped region

10 electrons/cm2 having energies above 37 kev.

of & total of 2.6 X 10
This is an order of magnitude larger than the daily average observed
precipitating in the auroral zone by Anderson [1960], who finds

weak x-ray fluxes present some 40% of the time, even during magnetically
guiet intervals. These observations are undoubtedly related to those

of O'Brien [1962] on Injun I. He often finds electrons in the loss

cone at high latitudes. As noted by thesebobservers, the large rate

of precipitation is such that it would deplete the outer zone

in a few hours. Therefore, in order to maintain the precipitation,

an injection or acceleration mechanism is required which is rather
efficient. The extreme extension of these ideas results in the
so-called "splash-catcher" model of the outer zone, due to O'Brien
[1962]. This model requires that nearly all the accelerated electrons
precipiﬁate immediately, the acceleration taking place in the loss cone.
‘Only a few become trapped to form the outer zone as constructed from

satellite observations.
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Attempts to correlate directly the x-ray measurements on
flight M-255 with direct electron measurements on Injun I did not
prove successful because of the sporadic nature of the satellite
ovservations [J. W. Freeman, privete communication]. The conditions
obtained during flight M-255 at Minneapolis may be comparable with
those in the auroral zone during quieter times. This is because of
the greater violence of the magnetic events, and the lowered cut-off
for solar protons on 13 July.

Although it cannot be ruled out as a possibility, direct
injection of energetic electrons in the earth's field from the
solay plasma associated with the July 11 flare seems unlikely
(Anderson, 1960]. Even less likely is the possibility that the
electrons were accelerated in the flare of July 12, propagated with
the solar protons, aﬂd entered the earth's fleld during the reduced
magnetic cut-offs following the sudden commencement early on July 13.
Tt also seems difficult to have thermal electrons in the plasma
from the flare of July 11 enter the earth's magnetosphere, diffuse
10 line of force which connect with Minneapolis, and then become
accelerated. If such were the case, of course the precipitating
electrons would originally have been solar electrons, and the positron-
electron ratio would be typical of solar electrong.

Most likely, however, the electrons observed during precipitations
have théir origin in the earth's field, and have been accelerated by
some phenomena not yet well understood, but probably involving magnetic
fluctuations. Since it is unlikely that either positrons or electrons

would be preferentially accelerated, the ratio is then typical of
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plasma in the magnetosphere, as well as the energetic trapped
electrons. Positrons, once they become embedded in the magnetosphere,
would have a reasonable lifetime.

Annihilation of positrons has been discussed by Heitler
[1957, p.268]. The cross-section is smell for energetic positrons,
and diverges as the velocity vanishes. Accordingly, it is more
appropriate to discuss the lifetime of slow positrons, Heitler

finds the reciprocal of the lifetime, T, to be
l/T = NZﬂric sec-l,

where r, is classical electron radius, and the positrons are

3

annihilating in matter whose density is N atoms/cm ° of charge Z.

The lifetime is condensed matter such as lead is about lO_lO seconds,
i /66D

at balloon altitudes it is about 10—5 seconds, at éﬂﬁﬂkm (lower

magnetosphere) it is about a week. In the interplanetary medium,

3

where the density may be about 500 cm > the lifetime becomes J.O)Jr
years.

If then, by some mechanism, positrons at low energy were
being injected into the magnetosphere, they could remain essentially
stored until they became accelerated and appeared as energetic
precipitating particles. The low positron-electron ratio of these
particles puts a limit on the rate of injection, dependent of
course on the model used.

Although it seems unlikely, as previously discussed, the

possibility exists that the observed particles had their origin
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in the solar atmosphere; that is, the plasma ejected in the flare

of July 11 entered the earth's field and eventually appeared as an
electron precipitation. This solar plasma could have trapped in it
positrons, either thermal or energetic, produced either in nuclear
reactions or other processes at the time of the flare. The lifetime
would be much longer than the few days required Tor the interplanetary
propagation. Under these assumptions, the measured limit of the
positron-electron ratio applies also to the solar chromosphere.

t is also possible that a real flux of positrons could be
injected directly into the earth's field via cosmic-ray produced
secondaries. An anti-neutron, for example, would introduce positrons
upon decaying. Such particles of course would be produced only in
nuclear encounters of extreme energy,and would tend to be directed
strongly downward into the atmosphere. Furthermore they would
annihilate before thermalizing, so the injection rate would be low.
Positive albedo pions-and muons also decay to positrons; however,
thelr lifetime is so short that few would decay in the trapping
region. Neutral mesons also produce positrons copiously, [Peterson, 1962 ]
some of which, if ejected upward, could suffer a coulomb deflection
and become trapped. All these sources would produce energetic
positrons, which would have to0 become untrapped during the electron
precipitation and enter the atmosphere along with the auroral-like
electrons. Since the number of such positrons was: observed to be
very small, it seems that a limit on the cosmic-ray injection processes

could be derived.
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It is possible to compare the limit of the positron-electron
ratio implied for the magnetosphere, and possibly the solar chromo-
sphere with that of other extraterrestrial matter. The limit of the
flux at 0.5 Mev incident at zero depth is a measure of the slow
positron density of all matter To distances at which the red-shift
is significant. The lowest flux limit in space at 0.5 Mev has been
obtained by Arnold, et.al., [1962] with a detector on the Ranger III
moon probe. He obtains a limit of 0.01 photons/cmg—sec.

The flux of Y-rays at 0.5 Mev passing through a sphere of
radius v prcduced by a uniform density N cm_3 in which there is a
positron-electron ratio is Y

<z
F=2/31Y N e r c.

We assume neglectable absorption of Y-rays. If in the interplanetary
nmedium N = 500 cm_3, we may compute the flux generated cue to positrons
annihilating in matter inside a sphere of 1 A.U. radius. Alternately,
we may use these assumptions, and the upper 1limit of the %>Mev flux,

to put an independent upper limit on the positron electron ratio

_of the interplanetary medium. This upper limit of Y is

5X 10-6, not nearly as low as the.one obtained by the direcf

measurement for the precipitating electrons.



20.

Almost certainly the ratio in the interplanetary medium
must be closer to that in the magnetosphere, and the limit implied
by the extra-terrestrial Y-ray Tlux regarded as an insensitive

the

measurement of/ratio Tor planetary regions. t is difficult to
believe that the two media have such a radically different origin
that their positron-electron ratio differs by lOu. Since these
Plasmas are in contact at the outer boundary of the earth's field,
a continuous exchange of particles must take place, at least after
many solar and magnetic disturbances. Hence the two media would
become essentially undistinguished, in terms of microscopic structure.
On the other hand, if indeed the solar plasma of recent origin had
a markedly different ratio, then by measuring this ratio at various points
in the solar-terrestrial complex, one could trace the history of
a plece of solar matter as it propagates to the earth, into the
megnetic Tield, and finally is catastrophically removed of its
positrons by precipitation into the earth's atmosphere.

We may also use the same idea to put an upper limit on the

ratio in the galaxy. Assuming the earth is near the edge of a galaxy
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of radius rg, and thickness t, which has negligible absorption at
0.5 Mev, the flux would be

- A
F=§tYN2ﬂ2rec.

If we take t = 10°% cm, N = 1 atom cm-3, F < .01 photon cmg—sec,

the upper limit ratio is 2.5 X 10—9. Thus the upper limit of the
ratlio of slow positrons to electrons in the galaxy as a whole is
somewhat greater than that presently available Tor these precipitating
from the mazgnetosphere. Of course the ratio could be much larger

in accelerated electrons, such as those which give the synchroton
radiation from the galaxy, since these annihilate at a very low

rate. If indeed there is symmetry between the number of particles
and anti-particles in the universe, it is apparent the anti-matter
st be well isolated from ordinary matter, and that it Is not located

in the near regions of space with any presently detected density.

Surmaxry
From balloon measurements of the x-ray spectrum to 600 kev
during an electron precipitation at Minneapolis associated with the
solar events of the July 1961 series, the intensity near 0.5 Mev,
and the electron spectrum have been determined. These allow a
determination of the positron-electron ratio of the energetic
10

electrons to be 4 + 3 X 10~ . This may be interpreted as an upper

limit for the ratio of all positrons to electrons in the magnetosphere
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olasma,and possibly for that in the interplanetary median and
the solar chromosphere. This remarxably low ratioc puts extreme

restralnis on energevic processes involved in the generation and
eration of those electirons. The ratio may be ccmpared with
the ratio Tor the interplanetary wmatier of 5 X 10_6 and the inter-

stellar matter of 2.5 X 10—9, obtazined from the limit of tne

excraterrestrial fiux at 0.5 Mev.
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29.

ing oositrons in

cbtained from the Y-ray spectrum chserved a2t balloon altitudes.
Flgure ime hisvory o various events during the belloon fliight
on July 13, 1961. The first ¥-ray Influx was in progress axnd in a

CGecay paase wihen the balloon reached altitule. Althcugh gernerally

disturved, no cutstanding magnetic Teature marks the x-ray event.

series obtailne

Flgure 4 Counting rate gpectra obiained from the scintillation counter

efore termination, is compared with previous results. This spectrum

o’

i3 Que to cosmic-ray produced background. The rmuch steen:
due to the x-ray event is shown averaged over the.first 68 mirutes

. 2 - . . n o v o -

at 6 gm/cm depvh. X-ray influxes later in the flight had a similar
spectrum.

"lgure 5 IExcess counting rates during the first influx. This is
obtained by subtracting the spectra of Figure 3. The statistical

igniTicance et the higher enerzies has been improved by averagin

were very Zew Y-ray:s produced nsar 0.5 Mev during the event.
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The x- gnactiun corrected TO zero depth.
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Lrrors 1n the correciion odrocess have not been irncluded. Also

4 MR

shown 1s the photon spectrus which would be produced by an electron

...'\(
s o A e T A B o
Solceu O Thne Iorm A oo < :

Tnese curves, vaxen Irom an urmublished

used to

pnoton spectrum

C7, went tarouga a sharp minimum, the total rumber of electrons

than 37 XKev varied only slowly with the expoaent Y.
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